In this paper, a new method for ranking fuzzy numbers is proposed. Based on decomposition theorem of fuzzy set, firstly, the method considers interval numbers, the relation between lines and interval numbers is discussed in Cartesian coordinates, the distance of dot A to lines l is used as evaluation of interval number. Then, integral of all distances is used as evaluation of fuzzy number. Finally, ranking fuzzy numbers is implemented by the evaluations of fuzzy numbers. In order to illustrate the ranking method, numeric example is shown, and for the comparative study, our method is compared with four existing ranking methods. As an example of potential applications, the proposed method is applied to game with Fuzzy Profit.
Introduction
Fuzzy numbers are an important issue in research on the fuzzy set theory. Because of the suitability for representing uncertain values, fuzzy numbers have been widely used in many applications. Since fuzzy numbers represent uncertain numeric values, it is difficult to rank them according to their magnitude, Many methods for ranking fuzzy numbers have been proposed [1] - [5] , such as, representing them with real numbers [6] - [12] . The results of studies on ranking fuzzy numbers have been used in application areas such as decision making [13] - [22] .
In order to rank fuzzy numbers, one fuzzy number needs to be evaluated and compared to the others. In this paper, the evaluation of fuzzy number is implemented by integral of all distances which are dot to lines, in which, lines are obtained by interval numbers of α−cut set of the fuzzy number according to decomposition theorem. Based on the evaluation of fuzzy number, ranking fuzzy numbers could be finished. In order to illustrate the ranking method, numeric example is shown, and for the comparative study, our method is compared with four existing ranking methods. As an example of potential applications, the proposed method is applied to game with Fuzzy Profit.
Interval measures and its ranking
Generally, an interval number is represented as 
Figure 1 describes the line segments between the two axis of the rectangular cartesian coordinates, (a 1 , 0) and (0, a 2 ) are respectively used to denote the two ends of the line l a1a2 , and
For the line l a1a2 and the interval number A(a 1 , a 2 ), the following correspondence relation holds.
Theorem 1 There exists a bĳection between L and
, and − → L denotes the set of segments between the two axis.
Proof Let
f : L −→ F (R) l a1a2 −→ [a 1 , a 2 ] = f (l a1a2 ) 1) ∀l a1a2 , l a3a4 , if l a1a2 = l a3a4 , then a 1 = a 3 , and a 2 = a 4 , therefore, f (l a1a2 ) = [a 1 , a 2 ] = [a 3 , a 4 ] = f (l a3a4 ), that is, f is a mapping from F (R) to L; 2) ∀l a1a2 , l b1b2 ∈ L. If l a1a2 = l b1b2 , then a 1 = a 2 or a 1 = a 2 , that is, [a 1 , a 2 ] = [b 1 , b 2 ], so, f is a single-valued mapping from L to F (R); 3) ∀[a 1 , a 2 ] ∈ F (R), a 1 ≤ a 2 , then the segment identi- fied by (a 1 , 0) and (0, a 2 ) satisfies the condition of L, that is, l a1a2 ∈ L, f is a surjective mapping from L to F (R). So f is a bĳection from F (R) to L.
Definition 1 The measure of interval number
) is denoted as follow: Proof These can easily be proved by (1) .
then ∼ is an equivalence relation on L.
Based on the equivalence relation ∼, we can categorize L, that is, two lines is in the same equivalent class if their measures are equal. So [r] can be used to represent the equivalence class of L, and
where, ∀l a1a2 ∈ [r] means that the measure of the line is R. Based on the measure of the line, distance between two interval numbers can be defined formally as follows a3,a4) , the follows property holds
So it can be used to act as the Haudorff-distance from A to B. We can see from (1).
When two interval numbers
3. The distance from the interval number
The measure of interval number acts as a criterion about interval number comparison.
Proposition 4 Let A(a 1 , a 2 ) and B(b 1 , b 2 ) be two close interval numbers, and a 1 ≥ 0, b 1 ≥ 0:
Ranking the fuzzy numbers
Based on decomposition theorem of fuzzy set and central defuzzified method, the measure of interval number can be extended to become the measure of fuzzy number. Based on the measure of fuzzy number, ranking fuzzy numbers can be finished. This section mainly discusses ranking General Left Right Fuzzy Numbers (GLRFN). A(a 1 , a 2 , a 3 , a 4 ) be a GLRFN. Its membership function is:
Definition 3 [12] Let
Where, L(x) is right-continuous strict monotonic increasing function and
especially, if α = 1, then:
The distance from O to I A (α) is:
Based on the fuzzy set theory(FST), we can obtain the measure of a GLRFN: A(a 1 , a 2 , a 3 , a 4 ) as follows:
Based on (6), it can be gained: fuzzy number A(a 1 , a 2 , a 3 , a 4 ) correspondence real number. Especially, when A(a 1 , a 2 , a 3 , a 4 ) is a trapezoidal fuzzy number, that is, a 1 < a 2 < a 3 < a 4 and
Based on (6) and (7), we can calculate R A as follows:
where, a 1 )(a 3 − a 4 ) .
Based on (6), we can identify a mapping from the GLRFN F (R) to (0, +∞):
Naturally, the ranking question can be convert into the comparison of the correspondence measure.
Definition 4 If
A(a 1 , a 2 , a 3 , a 4 ), B(b 1 , b 2 , b 3 , b 4 ) ∈ F (R), let: A(a 1 , a 2 , a 3 , a 4 ) ≤ B(b 1 , b 2 , b 3 , b 4 ) ⇔ R A ≤ R B .
Numeric examples and comparison with previous works
In this subsection, in order to show how the proposed method works and how viewpoints affect the ranking result, two examples are presented according to [1] . Table 4 is the result of comparison with previous works, in which, the methods refer to [15] , [16] , [17] , [4] , [19] , [12] , [18] , [10] and [6] , respectively, the content of Table 4 partly comes from [6] .
Example 1 In Fig 1, (a), (b), (c), (d) and (e) respectively describe five kinds of fuzzy numbers. The three fuzzy numbers in (a) are respectively
In the following, we will apply the proposed ranking method in the realistic problem-the Game with Crisp Profit. To describe the decision-making problem, we will present an example with crisp profit and loss. The description of the problem is as follows: there are two players-A and B. Player A can choose one action among a 1 , a 2 , a 3 and player  B among b 1 , b 2 , b 3 . When the game starts, player A chooses first,and then B chooses. Each player's selection. A's profit and loss are the opposite of B's. Table I In cases where profit and loss are described with crisp numbers, A's choice can be simply determined. However, if profit and loss are fuzzily described, the optimal selection is not easy to determine. As mentioned in Section I, it is difficult to determine whether a fuzzy number is larger or smaller than another and the evaluations of fuzzy numbers may easily be affected by evaluation viewpoints which may differ from person to person. Thus, it is difficult to predict which selection a player will make. For example, what is the largest of the two fuzzy numbers in Fig.4 ? Which does an optimistic or a pessimistic player choose? In Fig.4 , fuzzy number has a large width, so it includes large as well as small numbers. But, in the case of F 1 , the width is small and includes only medium-sized numbers.
Thus, if a player is optimistic, then that player will choose F 1 because it has the values larger than F 2 . On the other hand, if a player is pessimistic, that player will choose F 2 because F 1 has the values smaller thanF 2 . Thus, a decision-making method which considers these factors is needed. In this section, in order to deal with these problems, a decision-making using our new ranking method is proposed. A decision-making method with fuzzy profit and loss is presented. It is assumed that A's fuzzy numbers are depended the Fig(a) , (c) and (d) in above example an A's profit and loss are showed in Table 3 . It is assumed that A's fuzzy numbers are depended the Figure(a) , (c) and (d) in above example an A's profit and loss are showed in Table  3 . In this case, which should A choose to maximize the profit? According to above discussion, it is easily obtained that the answer is that A should choose a 3 and B should choose b 2 F(32)=2.74.
Conclusion
In this paper, a new method for ranking fuzzy numbers, which is based on the distance of dot to lines, is proposed. Based on decomposition theorem of fuzzy set, integral of all distances is used as evaluation of fuzzy number. Comparing our method with previous works about ranking fuzzy number are done in this paper.
